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Althoucui the first eleetiMeiil eojuh'iisc'r w as discov (‘|■e< I nearly 
two cejitiiries a, go, it is only (luring tlu‘ last two or {hr(‘(‘ (l(*(*a(k\s 
that aji\^ nail |)rogi‘(\ss ha.s Ixani nunh^ in th(‘ pra-elieal uiilizatioa 
of eoji(lens(a*s. |)uring th(‘ ijit-eiAaniing (xnaod (‘oinhaiscn's 
W(U‘(^ r(\g<ird(‘(l ait first only a^s scientific^ toys : w hih' la(<n’ I h<\\' 
i)eca.me ])urely [)hysica.l laJ)ora.tory a.j)|)a.rai( us. TIh* coni nun* - 
cial (Icvelopnuait ot condcnsc'rs ha.s beam slow, du(‘ pin'liaps 
ill part to thc‘ aJiovc' (aius(‘S, a,n(l cwani to-daiy, in many (piartcu's, 
coiickniscu’s arix' still lookcxi upon to a. greadi (cxtiml as frail 
scientific Lnstrnuumts wdiic^h, caainnot possibly liaxa' ari\’ s(‘rious 
ijid ustriail usi's. '^^Idicna^ area howawana mans’ practical applica- 
tions of condcnscu’s wdiicb a.rc^ gi'owing ra.pidly in import a luay 
and it is the purpose of this l)ook t-o (uidcaavour to disjicl this 
feeling by (lc\scribing thi'. modinai. (hwa'lopnaaits which has'c^ 
taken phicc' in caiiKhmsiU's, by illust i*a,ling th(‘ii‘ nakliods of 
niainufaiCtui‘(‘ on. ai considcns-iblc' siaa.hy and bv’ (hdailing man\’ 
ot their jircNscait and possible^ futma^ industiaal a ppliiait ions. 

.Idle fundanumta/l na,tuip ol (‘ondcmscu’s is d<‘S(‘rib(‘d in f diaptin' 
], and fi’oin their v(‘ry g(‘n.(n*a.l nat/urc' it follows t hat vc‘r\' man\’ 
j)ractica,l forms of consti-ucd-ion aia^ possible 1di(‘S(‘ various 
forms ha,v(‘ ditleiamt apjilicaitions, tlu^ foian v<u‘y largidv d(‘p(md-- 
ing upon t}u‘ mit urc! ot uses ddu^ origin of som(‘ of t [i(as(‘ forms, 
as resulting f rom t/lu’: cairly d iscovan*i(‘s and bistorv’ of condensers, 
may b(‘ truicual in ( 'haptau' II, wdiicb d<‘scrib('s th<‘ pidncipal 
diseov(M‘i(‘s and eexpendnunts of (.Ik* (‘a.rlx' da.\'s of condcns(‘rs, 
and dc-als aJso with the" dcivcdopnunt- of various t-h(‘ori(‘s for 
explaining (amdcnscn.’ aiC/tion, and tin*: jilKnoiiKnai obsmwed in 
various dielectrics uscal in caindcMiscu's. 

Jdidio tclegra.j)hy aiiid moia^. recently, radio lu’oadcast ing 
lias until leecntly ('onstdtuied most important applienition 
of condenseers, a.nd has beeui dircH'tly r(‘sp(>nsible‘ itsidf for the^ 
dcivelopment of eevrtadn forms of e*ond(ns(‘r, sonie^ of w hitdi ha ve^ 
moreover.- now beHainie^ aimost obsoledicn Air, glass, and mica., 
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ALTJioircai; the (irst eleeiri(‘al eoiKh'iiser was ( lisco\ aafi { iirar*iy 
two (‘eiiturk'S a.^'o, it is only ({in‘in<»; tlu‘ last two or ( hrts' {{ooath's 
that anv I'eal |)ro<j,r(\ss has Inaai nnult' in. ilu' pra.etical utilization 
of eoji(l(Misers. i.)m;in^‘ th(‘ int>(M‘V(anni»; j)(‘rio<l <a)n< hnisia's 
\vca‘e !-(‘ga.r(l(al at first only a,s sei(‘nta(i<* toys ; uliih' lat(‘i’ tiu‘y 
})ccaau(‘ ])iirely physicaJ hihorat.ory a.ppara.t us. Tlu' conuiua’ 
cial (l(‘V(‘loj)m(Mit of coiKharscM-s ha.s Ixaai slow, (ha* perhaps 
ill j)a,rt to tlK‘ aJ)ov(^ (*.a,us(\s, a.n(l (waai to <la,\a in tnany p uartc'rs, 
(aindensers a,r(' still looked upon to a. yriait ('xt<ai( as li’ail 
seientihe*- instinmuarts wdiic^h. ca'innot. possihl\' ha.\a‘ any si^rious 
indusiriatl us(‘s. Idua'e. a.ria howawia*, many practical apj>liea” 
tions of eond(‘ns(‘rs vvhieli a,r(^ ^rowin^ii; raj)idly in iinportantaa 
ajid it is th(‘ purpose^ of this hook to endeavoiir to disp(‘l this 
feeling by d(‘se!‘ihing th(‘, inod(a*n (hwa^lopiiuaits which ha\'i.‘ 
taken |)la.(a‘ in (•ond(ais(a’s, by illustrating tlu'ir imthods of 
nianidiieture on. a. eonsid(‘ra.bl(^ s(*a,l(a ainl by dthailing matiy 
of theii’ |)i‘(‘S(ait. and possibh^ fut ina^ indnst i'ia.l a j>plieat ions. 

dlie fundaJiaaduaJ mdaire of eond(ms(‘rs is (h'serilxal in t 'ha [)t <0* 
1, aaid fi'om tJieii* v(‘ry gmua'al natair(‘ it follows that xaay many 
pr*aeti(‘a.l forms of (a)ns(.rnetion aix* possibha 11i{‘S(‘ \arioiis 
forms haiV(Mhrier(‘nt. a,ppli(‘ations, l ln^ form V(‘ry hirgi'iy <l(‘p(‘n<b 
i,ng upon tlu‘ natnr(‘ of asm l'h(‘ origin of sonu* of t lu'st' forms, 
as rc'suhing from iJu' (airly diseoe(a‘i(\s a nd histoiy of comUmsm’s, 
nniy b(‘ ti‘a,(H‘d iti (Iniptm* II, which d(‘S(‘rib(‘s th(‘ p!'ineij)al 
diseov(a*ies and (a\p(nam(mts of t-h(‘ (aa.rly da.ys of eomhmscu’s, 
ajid (hails a-lso with tlu‘ d(‘.v(‘lopnHm(. of various th(a)ri(‘s for 
(‘xpkiining (*ond(ms(‘r a.etion, and th(‘ ph(mom<ma obs(a“V(‘<} in 
various dii^kadiries used in eond(ms(‘i‘s. 

lla.dio telegraphy aaid mort^ riaamtly, railio hroai haist ing 
lias until icet^ntly (amstituiial most important appli(aition 
of eondens(‘rs, aaid Inis beam diixadJy r<'sponsihl(‘ its(‘lf for tin* 
dciV(d()pm(mt of (*(‘rtaan forms of eomhmsia*, sonn^ of w hi(‘h ha ve 
nioreovca* now almost, obsohdin Air, glass, and micai, 
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Althopoi! ili(‘ lii'st ('.()ii(l<‘ns(‘r was (iiM‘n\ (‘rr( 1 n<‘ar!\' 

twa) ccjitin‘i(\s a-go, it is only (Inrinji; tlu‘ Iasi two or t lirt‘(' <l<a'a(!(‘S 
tl)a,t any !*(‘a! j)roi>i*(\ss lia.s Inaai ina.(l(‘ in t h(‘ [)i‘a(‘t i<*a I ntilizat ion 
of (a)]Hi(‘ns(n‘s. I.)urin,t>' tlu‘ int^cnwaaiiny jH'riod {•oiHhosiO's 
waa’c i*ooa.i‘( l(al a;f first only a^s sci(aitili(* toys ; w ltih* latrr thcry 
l)cca,iu(‘ ])ui*(‘Iy physioa.l laJ)orat oi'y a ppa i’a-t ns. coni nan’ 

cial (l(wn‘loj)nuMit of oon(l(aistn*s ha.s Ixani slow, dia* pi'chajis 
ill j)a<i‘t to tli(‘ a.l)ov(^ (a-uis<\s, and (waai to da.\n in many ipiartta’s. 
(ondcmsors luv still looked upon to a. yaaaat (c\(('n{ as h’ai! 
scientitic^ inst runHaits wdii(*h ca.nnot. possibly lia\(‘ any s<n'ions 
in.dustria.1 ns(‘s. 1'h(‘r<‘. a.rm howawnaa many pra(di<‘al applicn 
tiojis of eondcmsca’s vvliieli a.ia^ growing rafiidly in inijortamay 
and it is tli(‘ pnrpos(‘ of IJiis book to (‘nd(‘a\our to disp{‘l this 
feeling by d(‘seribing tfu^ nnxhaai (hwa'lopnumt s which liaAw^ 
taken phua^ in ('ond(ms(a‘s, 1)\' illustraiing th(‘ir nadhods of 
inanufa,e.tur(‘ on. a. consid(a‘a.bl(‘ seakn and by (hdailing many 
of th(‘ir pr(‘sent and possible' ruiuia' indnstriaJ applications. 

fuiahinamtaJ naitinx' of eoiahaisen’s is describes lint 1ia pten* 
J, and fi*om tlieii* ve^ry gx'iaa'aJ na,lin*<' it- follows that eery man\' 
pra>cti(ad foians of (‘onst-nad-ion aaa' possibles These' warioiis 
lorms luive' elillere'nt aj>j)lie*a, lions, the' form ve'rw’ largoU de'pe'iak 
i,ng npe)n the' nadaire^ eif use'. Ida' euagin of some' of t he'se' forms, 
as re'sulting freini the' e'a-i'ly elisea)\a'ri(‘s aial histoiw ed coneh'iise'rs, 
nia.y be; tra,ee‘el in (dui{)t-e‘r II, wbie*h de'seribe's (he' prineijial 
eliseovea'ie'S aaal e'xpe'i'ime'ids of t-lu' e-arly days of eomh'iise'rs, 
aial. ele'aJs a-lso wit-h the' elewede)pme'nt' ed eai’ions the'oi'ie's fe>r 
explaining eamde'nse't* a.ed-ie)n, anel the' pla'nona'ua obse'rve'd in 
varieius elie'k'ed-rieis use'el in eaualeaise'rs. 

lia-elie) tele,'graj)hy a-nd me)r‘e' I'e'e'e'ntJy , radio bi'oadcast ing 
has until rece'ntly eonstitute'el tla'. most^ important application 
eif cenak'nsea's, aaal ha,s beavn elire'ed-ly rerspeinsibh' itse'if for the* 
devedojHJU'nt of (*e'rt-a-in }e)rms of e‘e)iale'jise'r, sona* eif wbieb have' 
inoreeive'i* now be'ee)me^ adme)st e>bse)le't.e'. Air, glass, and mie'a, 
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eoiideiisers. Tlie varieties of these condensers are now almost 
legiom and in consequence they differ only a little from one 
another. Certain novel features of construction are, however, 
iiicoiporated in many designs, and the more important of 
these are illustrated in Chapter XI, although owing to their 
niiiiiher by no means all the models on the market to-day are 
deserihed. The list of Biitisli patents relating to such con- 
densers (wliicli is included in the Bibliography) testifies also 
t<j tlie attention that has been ])estowed ui3on this radio com- 
pcnent. C’ertaiii of these condensers, which make use of a 
solid dielectric instead of air, are grouped into Chapter XII. 

The special applications of certain dielectrics to modern 
electrical condensers are dealt with m Chapters XIII to XVIII, 
wherein many forms of such condensers utilizing air, glass, oil, 
paper, mica, and “cellon** dielectrics, are described and 
illustrated. The chief uses to v'hich these types of condensers 
are applied are also dealt -vith, including high-tension electric 
power circuits (Chapter XVIII) cind power-factor improvement 
(Chapter XIX). Various other applications are described and 
possible developments foreshadowed in Chapter XX, and the 
volume is concluded vith an extensive Bibliography relating 
to dielectrics and to condensers, which includes a list of British 
patents on the same subjects, and relating thereto, which it 
is hoped is complete up to the present date. 

The yoluminous literature relating to dielectrics precludes 
the jjossibility of including all references Avhich might be of 
some interest in connection tvith this subject, but it is hoped 
that the majority of the articles and pulDlications of importance 
have been mentioned. Xotification of any omissions or correc- 
tions to this section will be j^articularly welcomed from readers. 
Ill many cases the references given include abstract references 
to Science Abstracts, or other publications wherein similar 
abstracts apjiear, as it is felt that by this means searching in 
the literature of a subject is facilitated. 

ilaiiy of these bibliographical references are mentioned in 
the text of the book, and are referred to therein by number. 
It is hoped that this collection will be of value to research 
workers, and to students of this branch of electrical engineering, 
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ta'ay ir-n: aarh' “ trial and err<ar “ niethods. 
aio,.e a! aaeai'ate calculaiiac., a- is detailed 
rn^ovin, rh- ,> aio- given several (iliarrs and 
.* -'n.'n aa .ciaat O' '■ns . ann calculations relative 
.ng eon n-n-ors. Means and methods for 
■ ~-a.euia:i .!,< by actual iiiea>iirements are 
-p:^a■ X. JJe>cripiitCiS are given of most 
>rn:p.v i,:y\ Meter ir>r capacity rneasiiremeiits, 
tenuen test- required lo-day for condensers 

dievea .'panents in radio broadcasting have 
a.in c.',cTe>[.*i*nding developments and iiiven- 
'jnip'„.'inent appeiratiis used therewith. Xo- 
tiiere a Ijetter example of sueli invention 
I coiapjonent than in the case of variable 
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; ^ The varieties of these condensers are now almost 

and h. cuiisequenee they differ only a little from one 
en :h-r. Certain novel features of construction are, however, 
in-^ria ra.rt'..l hi iramy designs, and the more important of 
M'o illustrated in Cha]3ter XI, although ovdng to their 
nurn:).-r 'ur iiu means ail the models on the market to-day are 
da^arii^ad,. Ti.a list of Biitish patents relating to such con- 
‘n-:-er> whi-i: is included in the Bibliography) testifies also 
n.r that has been bestowed upon this radio com- 

h --.':-nt. C.crtiiin ‘»f these condensers, which make use of a 
-''Uu mr-.r-ctne instead of air. are grouped into Chapter XII. 
Ir.e >pec'iid: applications of certain dielectrics to modern 
t r ic a i c^'mdeiisem are dealt with m Chapters XIII to XVIII, 
v.':,.ertnn ntan;v i^)rnis <:»f such condensers utilizing air, glass, oil, 
mica, cind " cellon dielectrics, are described and 
U-u-titded. Inc chiei uses to which these types of condensers 
arc iilso dealt vitli, including high-tension electric 
p- -a’cr cnouits ; Chapter XVIII) and power-factor improvement 
I mfiptcr XIX '. \ an<>iis other ai)piieations are described and 

•'icYchmiiicnts foreshadowed in Chapter XX, and the 
^ ^ a.mic n uunclnled with an extensive Bibliograj 3 hy relating 
uielcetncs aiid tC) condensers, which includes a list of British 
ladcnts .Cl the same subjects, and relatmg thereto, which it 
> lajpco 'S complete up to the j^resent date, 

_ voliiiniiioiis literature relating to dielectrics precludes 
:ar ]a.^-siliiiity ui inciiidiiig all references which might be of 
.-mie intare>t in eoimeetion with this subject, but it is hoped 
majority of the anicles and publications of importance 
:iave been mentioned. Xotiiication of any omissions or correc- 
tmn- * tins section will be particularly welcomed from readers. 

the references given include abstract references 
" j Ah-yov/cts. or other pul)lications wherein similar 

^'Tbnaar, a^ it i< felt that by this means searching in 
tiio iitoriitiire oi ai subject is facilitated. 

Many oi these ihbliograpliical references are mentioned in 
:ae Text of the b<Mk, and are referred to therein bv number. 

If tlia collection udll be of value to research 

• V ‘ ii jvt . and cu students of this branch of electrical engineering. 
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a- enii-lciisa]' (lielectrks. have received most of their develoiD- 
meut in tlic radio r^phere. Imt many other dielectrics can now 
r)e ri.-ed for condensers, and tlieir number is ])eing continuously 
added to a> a result <;>f modern research work. The essential 
electrical properties of dielectrics, which fit them for use in 
condensers, are detailed in Chapters III to together with 
methods ulucli may be used in their determination and 
measurement. 

Given a iniovcledge of these properties, and of the physical 
dimensions of the parts of a condenser, its electrostatic capacity 
can in many cases be calculated with a very fair degree of 
accuracy. Xumerous formulae for this purj^ose are derived 
and tabulated in Chapter VI for various types of condensers : 
while in Chapter VII, corresponding formulae for elevated 
wii'es and aerials are discussed in connection with overhead 
electric power transmission lines, and wires used for radio 
aerials . 

The many modern uses of condensers in connection with 
radio apparatus are classified in Chapter VIII, in accordance 
tntli the nature of the voltages and electric stresses applied 
to the condensers, and typical forms of condensers for such 
uses are described and illustrated. 

The design of condensers for various uses has to-day devel- 
oped very considerably from early trial and error methods, 
and is now susceptible of accurate calculation, as is detailed 
ill (Chapter IX. wherein also are given several Charts and 
Curves to facilitate such calculations, and calculations relative 
to circuits utilizing condensers. Means and methods for 
checking up these calculations by actual measurements are 
dealt with in Chapter X. Descriptions are given of most 
practical forms of Bridge and Meter for capacity measurements, 
while the more extended tests required to-day for condensers 
are also described in some detail. 

The u'orld-wide developments in radio broadcasting have 
brought in their train correst^onding developments and inven- 
tions relating to component apparatus used therewith. Xo- 
uliere, perhaps, is there a better example of such invention 
apiDlied to a small component than in the case of variable 


PRErACE 


vii 

condensers. The -varieties of these condensers are now almost 
legion, and in consequence they differ only a little from one 
another. Certain novel features of construction are, however, 
incorporated in nianj^ designs, and the more important of 
these are illustrated in Chapter XI, although owing to their 
number by no means all the models on the market to-day are 
described. The list of British patents relating to such con- 
densers (which is included in the Bibliography) testifies also 
to the attentio]! that has been bestowed upoji this radio com- 
ponent. Certain of these condensers, which make use of a 
solid dielectric instead of air, are grouped into Chapter XII. 

The special applications of certain dielectrics to modern 
electrical condensers are dealt with in Chapters XIII to XVIII, 
wherein many forms of such condensers utilizing air, glass, oil, 
paper, mica, and '‘cellon*' dielectrics, are described and 
illustrated. The chief uses to which these types of condensers 
are applied are also dealt yith, including high-tension electric 
power circuits (Chapter XVIII) and power-factor improvement 
(Chapter XIX). Various other ajDplications are described and 
possible developments foreshadow^ed in Chapter XX, and the 
volume is concluded with an extensive Bibliography relating 
to dielectrics and to condensers, wdiich includes a list of Britisli 
patents on the same subjects, and relating thereto, which it 
is hoped is complete up to the present date. 

The voluminous literature relating to dielectrics precludes 
the possibility of including all references which might be of 
some interest in connection with this subject, but it is hoped 
that the majority of the articles and publications of importance 
have been mentioned. Notification of any omissions or correc- 
tions to this section will be joarticularly w^elcomed from readers. 
In many cases the references given include abstract references 
to Science Abstracts, or other publications wherein similar 
abstracts apjDear, as it is felt that hy this means searching in 
the literature of a subject is facilitated. 

Many of these bibliographical references are mentioned in 
the text of the book, and are referred to therein by number. 
It is hoped that this collection will be of value to research 
workers, and to students of this branch of electrical engineering, 
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iis e(')ji,(l(A]'i>sor ilielectrics. haw- reeeive<l of their develop- 

i'lieiit ill. the radio .spliere, ])nt iiiaaiy other dielectrics can now 
he used for condensers, and tlieir imnil^er is 'being continiiouslv 
added to as a. result of nujdern researc.li w'ork. Tlie essential 
electrical ])l'opel*tic^s of ditbectrics. A\Pich. lit tlieni for use in 
condensers, a.re detailed in Cliaj'iters III to Y. together with 
inetJiods 'AAlriAi inav^ be used in their detennination and 
measiirenient. 

Given a Ivnowledge of tliese properties, and of the physical 
dimensions of the parts of a condenser, its electrostatic capacity 
caji in many cases Ix^ calculated witli a very fair degree of 
accuracy. Numerous formulae for this piir|)ose are derived 
arid tabulated in Chajjter Y1 for various types of condensers ; 
n'hile in Ghapiter VII, correspond i,ng formulae for elevated 
nires and acnials are discussed in connection with overhead 
electric power transmission lines, and wires used for radio 
aerials. 

The many modern uses of condensers in c(.)nnecti(.)n with 
ravlio ap]oaratiis are classified in Chapter VIII. in accordance 
with the nature of tlie voltages and electric stresses applied 
to tlic^ condensers, and tyjiical forms of condensers for such 
uses are descrilied. and illustrated. 

The design of condensers for various uses has to-day devel- 
o])ed Veu'y consideral:)ly from early '' trial and error ’’ metliods, 
and is now susceptible of accurate calciilatioji, as is detailed 
in (diapitm; IX, wheveia also are given several Cliarts and 
{dn'V(‘S to facilitate such caiculations, and caiculations relative^ 
to circuits utilizing condensers. Means and methods ioj* 
checJdng up these calcidations by actual measurements are 
(hmlt with in (duipter X. Descriptions are given of most 
])]*a.(dical forms of .Bridget and Meter for capacity measureinents, 
\\Iiil(‘ th(‘ mon^ extmided tests required to-day for condensers 
are also describcal in some detail. 

The world-wide « !ov •■!< )pa:jenls in radio broacicasting have 
bro!!ght in tlu^ir trai.n corrt‘S])ojiding devcvlopments and inven- 
tions r(‘]ating to component apparatus used therewdth. No- 
W'lunis frerhaps, is there a. latter example of socli invention 
a/p])li(‘d to a. smafl co:mponent tluiii in tlie ca.se of vairiable 
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condeiisers. The varieties of these cojiclensers are now aliiK 
legion, and in consequence they differ only a little from o 
another. Certain novel features of construction are, iiowev* 
iiicorp or cited hi many designs, and the more important 
these are illustrated hi Cliapter XI, although owing to tli 
number b}' no means all the models on the market to-day i 
described. Tlie list of Britisli patents relating to such cr 
densers (which is iiicluded in the Bibliography) testifies a 
to tli.e attention that has been liestowed upon this radio co 
ponent. Certahi of these condensers, which make use oi 
solid dielectric histead of air, are grouped into Chapter XII 

Tlie s]ieeial applications of certain dielectrics to mode 
electrical condensers are dealt with in Chapters XJ.II to XVT 
wherein many forms of such condensers utilizing air. glass, ( 
jiaper, mica, and ” cellon‘* dielectrics, are described a 
illustratecL The chief uses to ^\’hicll these types of condeiis< 
ai.‘e applied are also dealt uith, including high-tension elect 
power circuits (Chapter XYIII) and poiver-factor iiiiproveme 
(Cliapter XIX). Various other applications are described a 
jjossilile developments fores]lado^^■ed in Chapter XX, and t 
wfiunie is concluded \vitli an extensive Bibliography relati 
to dielectrics and to condensers, which includes a list of Brit: 
])atents on the same subjects, and relating thereto, vliich 
is hoped is complete up to the present date. 

Tlie voluminous literature relatiiig to dielectrics precliu 
the possibility of including ail references which might be 
S(une interest in connection with this subject, ].>ut it is ho]: 
tliat the majority of the articles and pulDli cations of importa] 
Inive ])een mentioned. Notification of any omissiojis or coiT' 
tions to this section will be particularly welcomed from reade 
In many cases the references given include abstract referem 
to Science Abstracts, or other ])u]jlications wlierein simi 
al)stra.cts appear, as it is felt that ]3y this ineans searching 
tlie literature of a subject is facilitated. 

Many of these bibliographical references are mentioned 
the text of the book, and are referred to therein by numb 
It is hoped that this collection vdll be of value to reseai 
workers, and to students of this branch of electrical engine erii 
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^ as cojidenser dielectrics, have received most of tlieir develop- 

1 ment in the radio sphere, but many other dielectrics can now 

1 be used for condensers, and their number is l^eing continuously 

i added to as a result of inoderji research work. The essential 

: electrical properties of dielectrics, wliicb. ht them for use in 

condensers, are detailed in Cha])ters III to V, together with 
methods wliidi may be used in tlieir determination and 
; measurement. 

^ Given a knoAidedge of these properties, and of the physical 

dimensions of the parts of a condenser, its electrostatic capacity 
can in maiw cases be calculated witli a very fair degree of 
accuracy. Numerous formulae for this purpose are derived 
and tabulated in Chapter VI for various types of condensers ; 
while in Chapter VII, corresponding formulae for elevated 
wires and aerials are discussed in connection with overhead 
electric jicwer transmission lines, and wires used for radio 
aerials. 

The many modern uses of condensers in connection with 
radio apparatus are classified in Chapter VIII, in accordance 
with the nature of the voltages aiid electric stresses applied 
to the condensers, and typical forms of condensers for such 
uses are described and illustrated. 

The design of condensers for various uses has to-day devel- 
oped v^ery considerably from early '' trial and error methods, 
and is now susceptible of accurate calculatioji, as is detailed 
in Chapter IX, wherein also are given several Charts and 
Curves to facilitate such calculations, and calculations relative 
to circuits utilizing condensers. Means and methods for 
checking ujo these calculations by actual measurements are 
dealt witli in Chapter X. Descriptions are given of most 
practical forms of Bridge and Meter for capacity measurements, 
while the more extended tests required to-day for condensers 
are also described in some detail. 

The world-wide developments in radio broadcasting have 
brought in their train corres23ondmg develo23inents and inven- 
tions relating to component a 2 )j)aratus used therewith. No- 
where, 2)erha23s, is there a better example of such invention 
applied to a small comp)onent than in the case of variable 
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condensers. The -varieties of these condensers cire now almost 
legion, and in consequence the}^ differ only a little from one 
another. Certahi novel features of construction are, however, 
incorporated in many designs, and the more important of 
these are illustrated in Chapter XI, although ovmig to their 
number b}^ no means all the models on the market to-day are 
described. The list of British ptitents relating to such con- 
densers (which is included in the Bibliography) testifies also 
to the attention tliat has been bestowed iq^on this radio com- 
ponent. Certain of these condensers, which make use of a 
solid dielectric instead of c\ir, are grouped into Chapter XII. 

The special applications of certain dielectrics to modern 
electrical condensers are dealt with in Chapters XIII to XVIII, 
wherein many forms of such condensers utilizing air, glass, oil, 
paper, mica, and “cellon'* dielectrics, are described and 
illustrated. The chief uses to which these types of condensers 
are applied are also dealt 'with, including high-tension electric 
power circuits (Chaj)ter XVIII) and power-factor improvement 
(Chapter XIX). Various other cxxoplications are described and 
possible developments foreshadowed in Chapter XX, and the 
volume is concluded with an extensive Bibliography relating 
to dielectrics and to condensers, which mcludes a list of British, 
patents on the same subjects, and relating thereto, which it 
is hoped is complete up to the x^'esent date. 

The voluminous literature relating to dielectrics xorecludes 
the jmssibility of including all references which might be of 
some interest in connection with this subject, but it is hoped 
that the majority of the articles and x>ublications of importance 
have been mentioned. Xotification of any omissions or correc- 
tions to this section will be particular^ welcomed from readers. 
In many cases the references given include abstract references 
to Science Abstracts, or other x^ublications wherein similar 
abstracts apjoear, as it is felt that by this means searching in 
the literature of a subject is facilitated. 

Many of these bibliographical references are mentioned in 
the text of the book, and are referred to therein by number. 
It is hoped that this collection will be of value to research 
workers, and to students of this branch of electrical engineering, 
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as well as to manufacturers aaid others engaged in the industry. 
The growing demand f(,)r condensers of various types empha- 
sizes the need for further researeli aaid development and, to 
those engaged in tliis Yauh. it is hoped tliat this book will 
especially appeal. 

My acknowledgments aiid Ijest thanks are due to many 
friends and firms who have assisted in the preparation of the 
book, and wlio liave su]:)plied ]d)otographs and other data, 
and permission to publish some of the information contained 
in this book. iVmojigst these, the following ma}" be specially 
mentioned : Messrs. Autoveyors, Ltd. ; Bowyer-Lowe Co., 
Ltd. ; Brittains, Ltd. ; Burndept Wireless, Ltd. ; Cii.mbridge 
Instrument Co., Ltd. ; De Laval-Chadburn Co., Ltd. ; Dubilier 
Condenser Co., Ltd. ; Electric Furnace Co., Ltd. ; Gambrell 
Bros., Ltd. ; General Electric Co., Ltd. ; Gesellschaft fur 
drahtlose Tclegrapliie, m.b.H. (Berlin) : Iliffe & Sons, Ltd. ; 
International General Electric Co. ; Ise.nthal & Co. ; Marconi's 
Wireless Telegrapli Co., Ltd. ; Marconiplione Co., Ltd. ; 
Metro-Vick Supplies, Ltd. ; Milliard's Radio Valve Co., Ltd. ; 
Ormond Engineering Co., Ltd. ; Radio Communication Co., 
Ltd. ; Societe Anonyme des Condensateurs de Trevoux ; 
Societe Generale des Condensateurs, Fribourg (Suisse) ; Societe 
Generale des Condensateurs et Appareils de Protection Elec- 
trique (Paris) ; H. Tinsle}' & Co. ; C. A. Vandervell & Co. ; 
Westinghouse Brake and Saxby Signal Co., Ltd. : Weston 
Electrical Instrument Co., Ltd. ; and E. H. Sliaughnessy, Esq. 
Also to my wife for her untiring help in the preparation of 
the Bibliographical and other sections of this book, and in the 
preparation of it for the press. 
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CHAPTER I 

THE NATURE AND FUNDAMENTAL PROPERTIES OE 
CONDENSERS 

The word '' cojidenser as apj)lied to a certain piece of e 
trical ap])aratus, has during the past few years become om 
popular and everyday use. Prior to the use of radio appara 
on a large scale for broadcast reception, the word was knc 
only as referring to a certain type of scientific instrum( 
and by a comparatively few engineers concerned with 
employment of condensers ” in certain radio and in spe 
commercial ap])lications. Radio broadcasting is thus prima 
responsible for the popularization of this and of many anot 
apparatus which would otherwise in all probability not h 
emerged from the laboratory for many more years to come 
These remarks apply mainly to certain specific typ)es 
“ condensers which have especial application in radio rec( 
ing a])paratus ; but it is no less true to say that the devel 
ments which have taken ]Dlace in radio communication meth 
generally durmg the past decade, have equally been respons; 
in great degree for the developments in other classes and ty 
of electrical ‘‘ condensers.” This statement is not meant 
imply that condensers had no commercial or industrial ap 
cations prior to the above-mentioned developments, for s' 
is far from the case, but by the application of these devel 
ments not only may the article employed in known uses 
improved, but new uses may be created for the impro' 
articles thus produced. 

In the case of the development of condensers ” brou 
about by the demands of radio communication, not only 
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tlio iiH'i'OaBed demand for a certain class of apparatus been 
])ro(lii(d*iv<> of improved manufacturing methods, but as a 
s(H?on(lai\y I'esult of that demand, a much augmented financial 
oxponditiiro Das been possible on research work dealing with 
the ‘^cic^ii-bifjo problems associated with the dev'elopmeiit of 
oilier cdaHscH of condensers” and of ''dielectrics” for use 
in '' ('end enters."" 

WJud, is a-ii Electrical Condenser 'I ” The niultitudinous 
{(jrni.s in. wliich condensers are constructed, and the very many 
purpesoH for wbich they may be used, render a very precise 
dcdnilioir of fbe word somewhat difficult, especially as many 
inodoni ^^pj^licahions of condensers make use of properties 
wliic-li W(n.'o not suspected when condensers were first discovered, 
Impress ing it in quite general terms, it may be stated that 
“ anyih-ing in, or on which an electric charge can be stored, may 
Im called n ^ condenser/” In practical everyday use, however, 
ttuH word condenser” is given a much more restricted 
DU’ajiinpc, mid is applied only to definite pieces of electrical 
apparatus in -whicli, by their design, the property of stori.ng 
('ha'Iikt cimrges lias been concentrated as much as possible. 

AuoLboi^ and older definition has been exp^ressed as follows : 

“ A cuudciiser consists of a conductor, or conductors, arranged 
to have n specially large capacity.” This, as will be shown 
latter, IK nxex^ely another way of expressing the generalized 
(kvliiiition seb out in the preceding paragraph, and while this 
is really a true definition if applied to all the parts or elements 
of a (U)nclenser, it does not at first sight ap)pear to ap)ply in the 
Htrhkj sc^.iise to many modern forms of condensers, in which for 
(certain electrical reasons the capacity is small, although the 
])hysical bulk is large. 

Tlicre is 5 as will be shown later, some connection between the 
storage of an electric charge, and the storage of electrical 
enmjy, aud. as a result, a better definition of a condenser can 
1)0 ox]messecl iu terms of such energy storage as follows — 

A coixdLenser consists of a dielectric bounded by two 
conductors insulated from one another, the capacity for 
storing electrical energy being large for the volume of 
dielectric employed. 
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The dielectric ” referred to in this definition is an essential 
part of every electrical condenser, and is the part of the 
condeners which is mainly responsible for the properties of 
the condenser itself. The term is due to Faraday who coined 
it in connection with his fundamental researches into the nature 
of dielectric action. 

For a proper appreciation of the true nature of a condenser, 
and of the part played by the dielectric in forming a condenser, 
it is essential to consider first the most elementary form of 
condenser and the mode in which it acts. The form in wFich 
the action of condensers was first discovered — ^the Leyden jar 
(see Chapter II) — ^is not, perhaps, the simj)lest type of condenser, 
but, taken in conjunction with the ideas of those days and with 
other apparatus used at that time, it provided the name 

Condenser '’—a name which has persisted until to-day, in 
spite of the very many varieties now Imown. and in spite of 
the fact that it is really a misnomer. 

The early theories of electricity, current in the latter half 
of the eighteenth and part of the nineteenth centuries, con- 
sidered electricity to consist of either one or of two fluids — 
jluids which could not be seen or weighed, but which made 
their presence felt in the various electrical phenomena then 
known. It was found possible to store up the '' electric fluid ” 
hi a glass bottle filled with water, and hence what more natural 
name for this device than an electrical '' condenser.” These 
old fluid theories have long since gone by the board, and have 
been replaced by the electron theory, hinted at by Clerk 
Maxwell in 1873, and later developed by G. J. Stoiiey (^) and 
others and 

The electron may be termed the atom of electricity, and 
modern views hold that every atom of matter has a number of 
electrons as part of its structure. Every electron has the same 
negative charge, t and hence, when an electron is removed from 
an atom, the effect produced is that of a positive charge on 
the atom. 

=>= These numbers refer to the numbered Bibliography to be found at the 
end of the volume 

t The terms positive and negative, as applied to electric charges, were ut st 
fixed in a quite arbitrary manner. 
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The electron theory may be said to have resulted from many 
different lines of scientific inquiry and research. Of tlicse, 
three may perhaps be mentioned : Electrolytic action ; elect ro- 
(>ptical effects ; and the plienoniena of electrical dischargers 
through rarefied gases. The laws of electrolysis, discovererd 
hv Faraday, pointed directly to an atomic constitution for 
electricity, for they showed that each chemical ator^i, of wloit- 
ever its nature, always transported a definite quantity of 
electricity or an integral multiple of that quantity. Maxwcl Ts 
electromagnetic theory of light suggested that all material 
particles carry electric charges, and Zeeman’s discovery in 
1S96 of the change of frequency of lures in the spectrnin wluoi 
the light source was subjected to a magnetic field, jirovidcd a, 
confiimation of tliis iirqiothesis. Probably the most striking 
verifications of the actual physical existence of electrons hav(' 
been furnished by experiments on electric discharges in ]-)artially 
exhausted bulbs. Crooke’s experiments, coaidncted betwcvui 
1«7.> and 1890 made visible the effects of streams of electrons 
passing through rarefied gases ; and the subsequent resoarclu's 
m particular by Sii- J. J. Thomson and Sir Ernest Rutlierford 
have enabled many of the properties of electrons and of tlu; 
chemical atoms and ions to be investigated. 

The ratio of the electric charge to the mass of an electron lias 
been found by such experiments to be about 18,000 000 
y^reas the corresponding ratio for hydrogen, which is tli.; 
lightest kuomi chemical atom, is only 9577. If, then the 
ogen ion in electrolysis carries the same charge as orio 
e ecyon, as has been demonstrated in other ways, it follows 

hvdrnJ ^ lighter particle than tlm 

that it™, ^ quantities indicates 

atl '' approximately of that of the hydrogen 

„ ^^^^iy^^agnetre m nature, and therefore to depmid 

upon the speed ^ith which the electron moves through the 

apimsa to fill ail space aSTaUsSstancL" ‘“Ppad^rable material wliieli is 

eleotr ic fields and erectric wavL WmitW 

t The* numbers refer to the numbered Xgraphy 


to be found at Ibn 
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that an electron may really be merely a species of hole ’’ or 

bubble ” in the universal aether, and that the aether removed 
from the centre of the electron and concentrated in the interior 
of the x^ositive residuum of the atom from which an electron 
has been removed, may explain the large mass of the atom as 
compared mth the electron. This, however, is at present 
merely sx:)eculation — and awaits definite proof or disproof as 
the case may be. 

The extreme lightness of the electron explains the fact that 
even the addition of very large numbers of electrons in a charge 
given to a joiece of metal, does not 
appreciably alter the weight of that 
material. We can only detect the pre- 
sence of electric charges on materials 
by the electrical effects set uf), and not 
by any mechanical or visual change in 
the material. Usually these effects 
occur only between two of 

material or matter carrying electrical 
charges ; and these effects in fact are 
largely the basis of condenser action as 
will now be explained more fully. 

A negative electric charge is given to 
a substance when it is given an excess 
of electrons ; and a positive charge 
when some electrons are removed, 
leaving less than the normal number. In materials which 
can conduct electricity readily — e.g. most metals — a certain 
number of electrons are free to move about under the 
influence of any electric force which may be apjolied to them, 
l 3 ut some always remain bound to the atoms and cannot 
be removed unless the atom is broken uj) or dissociated. In 
other substances — i.e. electrical insulators — there are very few 
free electrons, and these can only move about in the material 
with very great difficulty. 

If a piece of metal — say, for example, a sphere (Fig. 1) — ^is 
susx>ended by an insulating thread, so that electrons are 
nrevented from movhig on to or off the sx)here (the air 
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Fro. I. An Insulated 
Met.\l Sphere forminc: 
A Simple Condenser 
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surrounding the sphere is also an insulator), the arrangement 
constitutes a very elementary condenser. If an electric charge , 
consisting of a huge crowd of electrons, is put on to the sphere 
by some suitable means, the nature of which is immaterial 
for the purposes of the present argument, it will not be able 
to escape from the sphere owing to the insulation. The sphere 
thus becomes a means of storing an electric charge. 

The quantity of electricity which can be stored on this 
metal sphere is somewhat limited, depending upon the size 
of the sphere, and iij)on its distance from other objects. The 
ability of the sphere to store the electric charge is referred to 
as its ca^oacity. The capacity of any condenser may thus be 
regarded as a measure of its electrical size. 

Since all electrons carry the same charge, of the same sign, 
they all repel one another, and it follows necessarily that work 
must be done to bring electrons near to one another against 
this repulsive force. In other words, to increase the electric 
charge on the above sj)here some work must be expended. 
This factor then sets some limit to the amount of the charge 
which can be put on to the sphere. 

Then, again, owing to this repulsive force, the electrons will 
spread themselves over the surface area of the sphere and will 
not be distributed throughout the interior. The effect of 
this repulsive force may be likened to an '' electronic pressure 
tending to force the electrons out of the metal. Since the 
smTounding air is an insulator, the electrons cannot escape, 
unless the electronic j)ressiire becomes very great, when 
ultimately the air will break down, and a spark will pierce it. 
This is what occurs when a lightning flash passes from a cloud 
to the earth, the coalescence of raindrops in the cloud gradually 
concentrating the electrons and increasing the pressure — or, 
as it is called in electrical parlance, the volicgc — until the spark 
p) asses and some electrons escape. 

Obviously, the bigger the sphere, the more electrons can be 
crowded on to it before the voltage (or pressure) is raised to 
a given amomit, or in other words, the capacity of a larger 
sphere for storing electrons, is greater. There is, in fact, a 
simple relation between these three Quantities, the ea.-nfl.ei+A7 



FUNDAMENTAL PROPERTIES OP CONDENSERS 7 


being defined as the quotient of the charge by the voltage. 
Hence, the unit of capacity is defined as the capacity of a 
condenser such that the addition of unit charge to it raises 
the voltage to unity. 

Expressing this definition in everyday electrical units, it 
may be written — 

A coiidenser has unit capacity when a charge of one 
coulomb raises its potential to one volt. 

This unit is called the farad, named after Michael Faraday, 
who carried out much of the orighaal research work on the 
phenomena associated with condensers. 



OF Fokck Rouno an 
ELlC<'TaON 



FtG. Repclsion of Lines of Electric Force 
Between Two Electrons 


In metals, and all electrical conductors, electrons are free 
to move about under the action of the forces naturally existing 
between them and of any external forces. If electrons are 
added to one part of a conductor, and are left to themselves, 
they will immediately distribute themselves over the entire 
metal surface by virtue of the repulsive action between them. 
In electrical insulators, electrons are not free to move, and 
consequently, if some are added to one part of an insulator 
they will not be able to distribute themselves over the material, 
but will remain in a more or less concentrated condition. If 
left for prolonged periods, a redistribution of electrons over the 
surface of an insulator will usually take place, as no msulator 
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is quite perfect, but can conduct to a very slight extent. Tlu^ 
fact that two charges of opposite sign (positive and negativ(^) 
can exist simultaneously on an insulator without mixing, 
explains the name bestowed upon such materials — viz. (lielee- 
fric. This name was given by Faraday, who first investigated 
their properties 

The field of force which surrounds each electron may be 
visualized by imagining a series of electric lines of force radiating 
from every electron (Pig. 2). These lines, if they commencH^ 
at an electron, must all terminate on a positive charge, and by 
assunmig that such lines are lilve strings of elastic, alwaiys 




utjuamg CO snurren onemscives 
the attraction between ])ositivc 


j. — 

and negative charges can. lx 
visualized. Likewise, if those 
lines mutually repel one an other, 
the field of repulsive force l)e- 
tween two electrons can 1 i]<(‘. w is(’ 
s' be pictured (Fig. 3), 

Bearing this in mind, it bc,- 
comes possible to e.xplain wJiat 
Fiu. 4 Lines of Electbic Fokce occurs when another insiiliitwi 
ITncharged Sphered conductor IS brouglit up into 

, . tbe neighbourhood of tlu^ 

arge sphere wliich has already been discussed. 8uch a 
second conductor is sketched at A in Fig. 4. If the sphere 8 

^'afliating 

aTfo, , electrons, in the second sphere 

of f TI tlie first sphere, and the lines 

eh-Se' aftr^^ will end on the resulting positive 

Sii om f positive charges 

•"iW due from this face of the 

luere. clue to the repulsive action of the electrons on S 

eorduetor^rtti Tbe’socond 

conductor ^11 thus have induced in it the two char<.es 


* See also Oha-ntpr TT 
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The proximity of the induced positive charge on. -A'^'-will 
concentrate the electric field, £^nd v^^ll, increase the effective^ 
capacity of tlie first sphere, since a greater cliarge can he put 
on to S than before, without raising its yoltage-do-"aTTiigher 
value. The cax^acity of the condenser formed; by S and A 
will therefore be greater than the capacity of the single sphere 
S by itself. 

The nearer together that the two spheres are brought, the 
greater will become the concentration of electrons on the side 
of S nearest to A, leaving the opposite face of S freer of elec- 
trons, and therefore able to receive more. The capacity of 
the condenser formed by the two spheres S and A is therefore 
a function of tJie spacing between the spheres, increasing as 
this spacing is reduced. This relation is considered in detail 
for various specific forms of condensers in Chapter VI. 

As far as tlie action of the condenser formed by the two 
spheres in Pig. 4 is concerned, the presence of the induced 
negative charge on the sphere A, consisting of the electrons 
which have been repelled to the part of the surface farthest 
from S, is not necessary. In the actual case sketched in Fig. 4, 
the presejice of tliis induced negative charge vnll somewhat 
modify the electric field between the two spheres, and therefore 
will have some slight intlaeuce upon the effective electrical 
capacity of these spheres. Under normal conditions one sphere 
would have a negative cliarge, and the other a positive charge 
only. 

In essentia] form, therefore, an electrical condenser has 
three parts — ^two metallic, or at least electrically conducting, 
parts which serve as the electrodes on to which the electric 
charges can be put ; and an electrical insulator, or dielectric 
sejiarating the two conductors. In practical constructions of 
condensers, as will be described in later chapters of this volume, 
other subsidiary parts become necessary, such, for example, 
as to support and hold the essential elements of the 

condenser, boxes or cases to contain these parts, and special 
insulators to support and hold terminal bolts to which external 
conductors can be connected to enable the condenser to be 
joined into the electrical circuit in which it is to be used. 
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In Eig. 4j the two spheres S and A constitute the two con- 
fiuctors of the condenser, and the air separating them is the 
electrical insulator or dielectric. While this pah of spheres, 
therefore, exhibits the essential features of a condenser, the 
arrangement would not ordhiarily be termed a condenser, 
since as has already been explained, the name is generally 
reserved for definite pieces of apparatus. Two spheres sus- 
pended by threads, is scarcely a sufficiently rigid or defiiiite 
construction to come within the scope of this definition. 

A simple form that 
complies with this de- 
finition of a condenser 
is sketched hi Fig. 5. 
It consists of two metal 
discs, A and B, su])- 
jported i)arallel to each 
other by means of iji- 
sulating rods SS, which 
may conveniently be 
] made of glass, or ebo- 

J?10. 5. A Simple A.h equivalent 

good electrical insu- 
lator. A form of condenser similar to this was used a great 
deal in many of the early experiments on electrostatics carried 
oirt many years ago by the early workers in this field. 

The two discs may be charged up by pumping electrons 
into one of them, from some convenient source (the nature 
of winch is immaterial at present), and so giving that one a 
negative charge ; and extracting a like number of electrons 
from the other, and so giving that one a positive charge. 
These two charges will be equal in magnitude, and either of 
them may be denoted by the algebraic symbol Q. The presence 
of these charges on the two discs will give rise to a potential 
difference between them, which is defined as the work required 
to be expended to move a unit electric charge from one disc 
to the other, against the forces exerted by the charges on the 
discs. This potential difference may be denoted by the 
symbol 1'. 
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The ca])acity of tlio conclejiser formed, by the two discs is 
then dehued, as has already l)eon indicated in general terms, 
by the following inlation, denoting this capacity by the 
symbol C~ ^ 

0--Q/V ( 1 ) 

Hence, the nnib of ca))acity, laiowji as the Jarail, may be 
defined as the capacity of a condenser such that a charge of 
one coiilomh of electricity is required to produce a difference 
of potential of one volt between its terminals. 

In practical use the Jarad as a unit is inconveniently large, 
and a subdivision of it is customarily employed, known as the 
microfarad , a,n(l having a value of one-millionth of a farad. 
This unit serves for all ordinary uses, but for still greater 
convenience in radio "wan'k it has become customary to sub- 
divide still further tins unit into another, again one-millionth 
of it in value, and kiiovvn as the viler oniicr of arad. When this 
unit is used the capacities of most condensers used in radio 
circuits arc expressible in figures between zero and about 
5000, and consequently the advantage is secured of the elimina- 
tion of the contiiiual use of a decimal fraction to denote the 
capacities commonly in use. 

For many industrial, as well as some radio uses, the micro- 
farad as a unit meets all requirements, the capacities then 
being expressible in. quantities lying between about one- 
liiindredth of a microfarad and a few microfarads usually not 
exceeding a few lumdred. 

To summarize the relationsliip between these units — 

I farad === fundamental unit of capacity entering into most 

formulae. 

1 microfarad 0-000001 farad. 

1 micromicrofarad ~ 0*000001 microfarad 
= 0-000000000001 farad. 

The letter C, printed in italic type, has been standardized 
internationally as a symbol for representing capacity in mathe- 
matical formulae ; and the letter F, printed in roman type, is 
likewise standardized to rej)resent the above-mentioned unit 
of capacity, the farad. The prefix jii (Greek letter '' mu ”) is 
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employed as the standard abbreviation for the fraction of 
one-millionth, so that the unit called the microfarad can be 
represented by the symbol //E, Similarly the micromicrofarad 
unit is wiitten 

Occasionally, also, the j)refix symbol m, meaning “ milli,’’ 
or one-thousandth, is employed in connection with condensers. 
Thus mF stands as a symbol for a unit which may be termed 
the millifarad (O-OOlF) ; and m/iF for the millimicrofarad 
(O-OOOOOOOOIP). These two subsidiary units, however, are 
very rarely used.* 

From a further consideration of the simple condenser that 
has been sketched in Fig. 5, it is possible to derive an expression 
for the energy that is stored up in a condenser when an electric 
charge is given to it. As has already been mentioned, the 
potential difference 1^ hetAveen the two discs is defined as the 
work that must be done to move a unit electric charge from 
one disc to the other. Hence, if a small quantity of electric 
charge represented by the symbol dQ is imagined as being 
transferred from one disc to the other agamst the force due 
to the potentials of the discs, the work that must be done to 
effect this transfer is VdQ, To effect the transfer of the entire 
charge Q from one disc to the other — such as would be a means 
of establishing the electric field between the two discs in the 
first instance — the work that must ])e done is 

ro 

/ VdQ 
J 0 


* Certain other abbreviated prefixes and sjTnbols are also in common use, 
based on international agreements. These will be emploj’-ed tlirougliout tliis 
book in connection mainly with other electrical units, viz. resistance, voltage, 
ciuTent, etc. 


Prefixes : = micro- (one millionth) 

m — miili- (one thousandth) 
k = kilo- (one thousand times) 

M == meg- or mega- (one million times) 


Symbols : F = Farad (unit of capacity) general symbol C 

H = Henry (imit of inductance), general symbol L 
O. = Ohm (unit of resistance), general symbol R 
A — Ampere (unit of current), general symbol I 
V = Volt (unit of voltage), general symbol V 

Coulomb (imit of quantity or charge), general symbol Q 
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The relation between Q, V, and the capacity of C tiK”- 
denser, has already been giveji, viz. Q ~ C]\ 

Hence, by substitution in the above integral, the totnJ 
to bo done becomes 



This ex])ression therefore represents the work thatr inns' 
be expended to establish the electric field between, tlu^ 
of the condenser, when it is charged up, and is oonscq ucnit-l \ 
the energy stored up in the condenser when the field ha.s betm 
established. 

To charge up a condenser, say, from a battery or other siiniln r 
source of electrical energy, a current must flow into the tu>n 
denser plates for a short period until the charges are estalilislun 1 
Expressed in terms of the electron theory, this current llov^ 
consists of the movement of electrons from the negative t(n‘ 
juinal of the battery, which has a high electron prcssinxn ini < 
one of the plates of the condenser, which flow or movenKoii* wi I 
continue until the potential difference between the ]>latc's <> 
the condenser has risen to the same as that of the battery iis(m 
to charge them. The movement of electrons into one of t-ln 
plates -v^l be accompanied by a corresponding movement on 
of the other plate back into the positive pole of the battcn’\' 
Thus, to all apparent evidence, the charging up of the cojide.nH<* 
is accompanied by an apparent flow of current through, tb 
condenser for a very short period. The larger the cajiacit; 
of the condenser, the greater the number of electrons tint 
must pass into the plates, and therefore the longer will tli i 
charging current persist before the condenser plates reacli tdi 
same potential difference as that applied from the battery. 

Likemse, when a condenser has been charged up and insi 
lated from the charging source, a discharge current can. 1: 
drawn from it by connecting the two plates together thr<.>iig 
a piece of wire. All the energy that has been stored uj:) i,ii tl 
electric field between the condenser plates will be retiiriu' 
by the condenser by this discharge cui'rent. This energy 



